In 1953, B&uuml;lbring noted that the smooth muscle of teania coli from guinea pig showed an increase in oxygen consumption associated with tension development when stimulated by a drug such as acetylcholine, histamine or eserine (1). Recently Urakawa and his co workers found that high concentration of potassium in Tyrode solution induced an in crease in oxygen consumption accompanied by a rise of muscle tension (2), and they con sidered that Ca ions which entered the muscle cells through the membrane depolarized by high K might play an essential role in increasing oxygen consumption independently of an increase in muscle tension (3).<BR>
In 1953, B&uuml;lbring noted that the smooth muscle of teania coli from guinea pig showed an increase in oxygen consumption associated with tension development when stimulated by a drug such as acetylcholine, histamine or eserine (1) . Recently Urakawa and his co workers found that high concentration of potassium in Tyrode solution induced an in crease in oxygen consumption accompanied by a rise of muscle tension (2) , and they con sidered that Ca ions which entered the muscle cells through the membrane depolarized by high K might play an essential role in increasing oxygen consumption independently of an increase in muscle tension (3) .<BR>
The present experiments were undertaken to investigate effects of histamine and its antagonist on oxygen consumption, muscle tension and electrical activity in taenia coli, and the relationship between the resulting increase in oxygen consumption and Ca move ment was discussed.
METHODS
Strips of taenia coli were isolated from male guinea pig (Hartley strain) weighing about 500g, and suspended immediately in a perfusion chamber which was equipped with an apparatus for recording both medium oxygen partial pressure (Po2) and simultaneous changes in tension of the muscle. This apparatus was described in detail in the previous paper (2), but in this experiment, it was modified as illustrated in Fig. 1 , so as to record electrical activity of the muscle simultaneously with Po2 and muscle tension. This was similar in principle to the apparatus devised by Bulbring and Golenhofen (4).
Two platinum wires of 0.5 mm in diameter, an earth connecting Pt, and an electrode Pt,, have the points exposed to but not projecting into the inner cavity at levels of 30 mm and 15 mm respectively above Pt,. Another platinum wire of 0.5 nmm in diameter, Pt, served as an electrode and muscle holder which was embedded also in the chamber wall so as to traverse the inner cavity of the chamber at a level of 3.5 mm above a level at which the diameter of inner cavity was widened. The upper, middle and lower curves show electrical activity (IV), Po2 level (mmHg) and muscle tension (g), respectively.
The dot line indicates the Po2 level without the muscle in the chamber. Time in minutes represents the time after the muscle was suspended in the chamber.
The wet weight of taenia coli in A was 33.8 mg, while that in B showing more remarkable spontaneous activities was 40.2 mg.
Between A and B, and A' and B', histamine (2.7 x 10_6 M) was added. Between C and D, and C' and D', K concentration was elevated to 45.4 mm isotonically.
From F. on. medium was sunnlemented with trinelennamine (3.3 x 10' M).
When normal Tyrode solution in the perfusion system was replaced by 2.7 x 10-6 M histamine-containing one, the muscle showed a tension reaching 6 g and then declining gradually. While the electrical activity increased in frequency and amplitude, the Pot level decreased (Fig. 2-A) . Fifteen minutes later the hisatmine-containing solution was replaced by the normal Tyrode solution, three factors returned to their former steady level after about 15 minutes. At concentrations of histamine ranging from 5.4 x 10' M to 5.4 x 10-6 M, the degree of these responses was almost proportional to the concentrations.
When tripelennamine was added to Tyrode solution at a concentration of 3.3 x lO-6 M, the degree of spontaneous contraction increased slightly in some cases, for example as illustrated in Fig. 2-B . At the same time there was an increase in the amplitude and duration of rhythmic fluctuations in electrical and respiratory activities. Addition of 2.7x10-' M histamine to the solution containing tripelennamine had no effects on the three factors. On the other hand, after the high-K solution was added to the perfusion solution containing tripelennamine, results were almost similar to those obtained with the high-K Tyrode solution without this antihistamic drug (Fig. 2-A & B) .
DISCUSSION
The apparatus was modified to record an electrical activity of the muscle simultane ously with the Pot and muscle tension. The electrical activity increased proportionally within a certain limit to the distance between the two electrodes although this distance was limited by the length of the muscle without serious injury during the isolation from the guinea pig. In this apparatus, the distance was adjusted to 15 mm. As the time con stant in the AC amplifier was only 0.1 second, high sensitivity with minimum noise was required. Noise of 50 Hz caused by the thereto-regulator was suppressed by using a ther mistor bridge detector with DC bridge source and DC heating. Moreover, one-point earth system and an imporved static shield were set in order to decrease other induction noises caused by all the instrument and the perfusion system. The electrical activity in contrac tion observed in the present experiment is considered to represent the essential activities of the muscles but not to be due to unexpected contacts of the muscles with electrodes during the contraction, because of slight changes in the activity in the process of the mus cular relaxation.
Histamine in concentration range from 10' g/ml to 10-6 g/ml caused a slow depola rization accompanied by an increase in spike frequency of the smooth muscle in taenia colt, using an intracellular (5, 6) or a sucrose gap recording (7) . On the other hand, Shimo and Holland reported that K concentrations as high as 40-60 mM in media caused in tae nia coli a rapid rise of tension followed by a lowered steady level, and they regarded it tonic response as accompanied by membrane depolarization and spike discharge which were measured by sucrose gap method. One to three minutes after the addition of K, spike frequency and amplitude decreased gradually, and all the membrane activity ceased by 3 minutes, although the preparation remains depolarized (8) . The apparatus employ ed in this experiment was capable of recording the spike discharge but not the DC mem brane potential. Accordingly, the present data only showed that the histamine concent ration of 2.7 x 10-e M or 5 x 10' g/ml increased frequency and amplitude in spike dis charge, and that the high-K solution induced a transient increase followed by a disappear ance of electrical activity.
The application of tripelennamine to the normal medium slightly increased spontane ous fluctuations in mechanical, electrical and respiratory activities of the muscle, although it interferred considerably with the histamine effect on the muscle. Tripelennamine did not influence on the high-K effect. The results seem to support Akubue's hypothesis that histamine stimulates that specific receptors on the smooth muscle of taenia coli (9).
Urakawa and his co-workers have reported that Ca ions enter through the membrane of the depolarized smooth muscle during the tonic contraction induced by the high-K solution, and they suggested that the resultant increase in free Ca ions in the cell might be associated with the increase in oxygen consumption, while the movement of Ca ions into the more tightly bound fraction may be related to the tension development (3, (10) (11) (12) .
Moreover, during the high-K phasic contraction, Ca ions bound with the cellular membrane are probably released and these cations may participate in increasing a transient oxygen consumption (10, 13) .
In the previous papers (14, 15) , an effect of histamine on Ca exchange of the muscle in the absence or presence of tripelennamine was reported. Histamine at a concentra tion of 5.4 x 10-6 M induced tension development without any remarkable changes in Ca content of tissue, "Ca influx and efflux and extracellular space measured by 14C-sorbitol.
The same concentration of histamine, however, increased a tightly bound Ca fraction which is considered to be unexchanged within 4 minutes. In the presence of tripelennamine, histamine never induces any tension development nor increase in the tightly bound frac tion. From these and present data, it is suggested that histamine releases loosely bound Ca ions which accerelate metabolic process(es) and oxygen consumption, and simultane ously contribute to tension development.
The present data may lead us to modify the concept described already, as follows:
Increased Ca ions in the intracellular space result from the increase in Ca influx and/or in release of Ca from a loosely bound fraction during the membrane depolarization and spike activities. The role of intracellular free Ca ions is two-fold. One is to stimulate metabolic process(es), resulting in the increase of oxygen consumption, and the other is to bind with contractile protein to initiate muscular contraction. The bound Ca ions are taken up continuously into a more tightly bound Ca fraction, resulting in tonic re sponse. Localization of Ca, either loosely bound or tightly bound, remains to be ex plored. Energy-rich phosphate compounds are required for the transfer of Ca ions from contractile protein to the more tightly bound fraction. The transfer from the contractile mechanism also needs the Na, K-ATPase system. The metabolic process(es) thus stimu lated by Ca ions supplies energy for the contraction of muscles, and Ca uptake systems into the more tightly bound fraction, and also Ca transport across the cell membrane.
The concept is schematically illustrated in Fig. 3 . 
SUMMARY
Effects of histamine and its antagonist on oxygen consumption, muscle tension and electrical activity of taenia coli were studied.
1. Histamine caused a reversible increase in tension and electrical activity of the muscle at a concentration of 2.7x 10-6 M, but the Po, level in medium decreased. An isotonic high-K (40 mM) solution induced a tension development, a decrease in Poz level and a transient increase followed by disappearance of electrical activity.
2. Tripelennamine at a concentration of 3.3 x 10-6 M in the normal medium slightly increased spontaneous fluctuations in mechanical, electrical and respiratory activities of the muscle and depressed almost completely the histamine effect on the muscle. How ever, the drug did not influence the high-K effect.
3. It is suggested that the increased Ca ions in the intracellular space may stimu late metabolic process(es) resulting in oxygen consumption during the histamine cont raction.
